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Three new Torms of stromatolites from South Australia (Linella munyabling, Tungussin
~tin, and ¥. witkatanna) are described. South Australian occurrences of Omaciitenia utschupice
and Linelle uika, previously known jtom the USSR, are also discussed.

Intraduciion
This paper is-a continvation of Parts I & I
(Preiss 1972: 19731}, in which the principles
of stromatolite clussification were outlined and
new forms of stromatolites described. The
glossary appended to Part 1 ulso applics to this
paper
Systematics
Group LINELLA Krylav
Linella Kryloy 1967: 37.
Type Form: Linellu- ukka Krylov, from the
UK Suite of the Southern Uruls.
Dingnosis: Bumpy, subcylindtical or tuberous,
usually walled  columns  with  parallel  to
markedly divergent branching and numerous,
oftcn pointed, projections.
Cameny; L. ukka Kryiov, L. simica Krylov,
L. avis Krylov, L. munyaliina Preiss, and
L. zhulca Shenfil’ (in Khomentovskiy et
al. 1972).
Age: Apparently only. Vendian 1n the USSR,
but i Ceniral Australis L. avis occurs in
rocks correlated with- the Late Riphean
(Walter 1972). In South Australia, Linella
oceurs in beds prohably approgimating to
the Late Riphean—Vendian boundary in age.

Linella ukka Krylov 19A7: 39,

FIGS. ta-h, 54, 6a, Ta-e
Material: Six specimens from Burr Well and
Leigh Creek.

Deseription

Moade of Occnivence: The stromatolites form
lenticular beds, not more than 20 m long and

0.5 m thick, consisting of gdjoining domed bio-
herms 2 m i diameter, In the contres of indi:
vidual bioherms, columns are vertical ar
variously inclined (Fig. 7a). but ul the bioherm
margios they become uniformly reclined (Fig.
7h). Murging of adjacent bichermis ate poorly
defined. At one poini, at the edge of a lenticu-
lar bed, the columny coramence growth ver-
tically. but them cuive over und grow horizon-
tally outwards. Biohermal beds grude into
laterally linked hemispheroidal and -pscudo-
columnar stromatolites, which intertongue with
tie underlying intraclastic limestone., They ure
overlain by oolitic limestones or grey cal-
carcous shales.

Column Shape and Arrangement: Columns are
subeylindrical to tuberous, sometimes slightly
Muttened an various directions. Transverse see-
tions are round. oval, ounded polygonal or
complexly lobate, 1-8 cm in diam, Columns
may swell and constrict markedly over a length
ol a few centimetres. The length of columns
between branches is usually less than 5 cm, bat
individuals reach 2 height of up to 30 cin (Figs
la~h). Colimns may be variodsly otiented,
from vertical and parallel to inclined at up to
45° 10 the vertical, but at bioherm margins
columns are radially or horizontally apranged.

Branching 1s frequent and varies. in style from
B~ to «-parallel, or stightly divergent to
matkedly divergeni.. Moderatcly divergent
branching is the most frequent (Figs 7c¢.d.c).
Columns may be constricted at the base of
branching (Fig, 1a). Approximately 50% of
branching does not result in new complete
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columns. but forms marmw. pointed, of some-
times slightly Natened owgrawths 13 cm
long. geherally less than L em in diane (Figs
lu-h}. These pointed outgrowths are also va-
uusly orienled. and muy project at o high angle
from the main column. Coalescing of adjacent
columns s imoderately frequent.

Murgin Struviyre: Colitnin marging vary mainly
from smoolh 1o gently humpy; vesionally
sharper bumps of approximatcly | cm diam.
occur: Very short ribs are varely present. Short
averhunging peaks occur 1n o few places, espe-
ciallv near points of bridging, Bridges, whore
present. consist of many faminae. A wall up to
3 mm thick s presznton the whele latecal sur-
face not affected by peaks and bridges. The
numbet of laminua purticipating i< dillicult o
estimate, due 16 secondary  recrystallization
{Fig, 7). Columny are sometimes conted with
a selvage of fine sparry culcite, of xenotopic
cquigramilar texture and geaia size 0.01 mm.
The selvage is tp 1o 1.5 mm thick and pasi-
dates Lhe tormation of the wall, but pre-dates
the filling of the interspace,

Loniintg  shape varies  greatly within  single
columns. from ulmost flat or rectangular to
very steeply conyes (Fig. Sa). The majority
(79% of laminae measured) have h/d between
0.2 amd 0.6 (Fig. 6a). Laminae are very poorly
preserved, so that their detailed shape is difli-
cult to estimate. Most are simooth, but some
arc finely wavy, with i wavelength of 2-3 1nm.
Single laminae are diflicult 1o foltow across a
whole column width. The Jdegree of inherilance
ot laminy shape varics along a column length:
in plices laminae chunge rapidly from gently
conves or rectahgular to steeply convex.

Microsicucture is poordy preserved, and the
jamination is extreniely indistinet. There 3s little
confrast  between light and dark laminac,
cxeept a slight differchee in pigmentation and
in grnn size (Fig. 7). fark laminae arc
smooth to slightly wavy snd lenticular, 01114
mm thick. Single laminae cannot be traced
right nerpse columing, partly because ol recrys-
tallization, Upper and lower boundarics qre
very diffuse and mwre or less parallel, In most
places, liminae are reduced to aligned lenscs of
fine grained carhonate: Dark Jaminae consist
of hvpidiotopic to Xenotopic inequigranular
calcite, grain size 0.003-0.015 mm. Most crys-
tals are lightly pigmented pale arey (possibly
an organic pigmenl). In one specimen, datk
laminae yre dolomitized. Subangular quanz sili
of frain size 0.02-0.05 mm occurs in pluces
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in both dark and light laminae. Ligly faminue
are (,2-0.6 mm thick, and ps tiscontinuous as
the dark laminae belween them. They consist
cither of acicular, or equidimensional mosaic
caleite. Acicular crystaly are GIN=-DOY mm
wide. and arc arranped perpendicular 10 the
laminae. and often cxtend also into the dark
adjacent lominae, They nee therefore clearty
secondary, The equidimensional calcile i sena-
topic. arain size 0.02-0.04 mm.

Inrerspuces Delween columns are filled mainly
with poorly bedded intraclast grainstone. Allo-
chems, wncluding fine pellets of dense, dolo-
mitized micrite, 0.02-0.1 mm in dium. and
small, fat, curved oOr irregular intraclusts up o
1.3 mm long. arc packed and mostly ia contuct,
They are cemented by transparent spasry, xeog-
wopic calcite of gmin size up 002 mm A few
crude hande of dolomitized micrite, up 1o |
em thick. occur in places. These are extreimely
dense, fine prained, but contain some pellets
and intraclasts,

Secondary  Altermtion- Stromatolite  evlunins
ate: severcly  recrystallized,  eepecially  pear
column margins (Fig. 7d). Here laminac are
severely  disrupted by lenses and  irregular
paiches of recrystallized, xenotopic to hypidio-
fopie spatry caleite, of grain size up 1o 0.2 mm.
The lyminae are reduceil to smiall, irtegulae or
curved, disoriented remnants; in places a see-
nndary arumous texture is developed. In addi-
tion there sre numerous trregulat lenses, up 1w
4 mm thick, of nearly vpaque, white, fine dolo-
mite, aligned parallel to the lamination (Fig.
7a). The dolomitc is equigranitlar, hypidio-
topic. grain size 0.01-0.02. nm. Most inttaye
clasts n the interspaces are ulw dolomitized,
or at least sirrounded by dolomitic fimy, but
the sparry cement is unatfected. Stralght and
irrcgular calcite veins posi-date the dolomitizu-
tion. Stylofites in places cuf across all struc-
turcs of the fock, but were not seen in thin
sectivns. Nodules of coarsely ervstalline caleite
similar to those in [Inzerla of. fjomusi from
Bure Well {Preiss 1973a) are locally present.

Conmpuartyons

The stromatolites are identified as Linella by
their bumpy, subcviindrical and tubcraus,
porallcl to markedly divergent brunching.
walled columns, and numerous pointed pro-
jections. Many specimens of Haicelia have sini-
lar gross shape, but lack the almost ubiquitous
wall and the numerous pointed projections of
Linellu. They arc wssagned I Linella nkia
Krylov on the hasis of colimn shape, style of
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branching, and mursin structure, Unlike L.
seitienr Wryluv, ribs are poorly developed or
ahsent. The columns are more broadly bunipy.
maore divergently branching, und less enarled
than those of 4. avir Kiylov, Micrasimcture. is
less well preserved than in the type matetial
but faming shuipe 18 very similar. Linetla ithla
(rom Bure Well is yery similar in micmstiuc-
1Ure, margin sticture, Jamina shape and mode
of preservation to Gymnosolen of. raivsayi
froms limestone clasts tn the Tapley Hill Fm.
but is distingujshed by its bumipier, mofe tuber-
ous, divergently branching culumns  Kiylav
(1967) described Tungussii bavsa as a separate
form, but states that it uceurs at the margins
of Linella wkka Mohcrms. Similarly. a1 Bure
Well, inclined und horizontal columns occur at
bioherm margins, bul these ure hare included in
Linella nkha. 1. zhuica Shenfil rarcly has a
wall,
Dixtributicn: Uk Suvite of the Southern Urals
and in beds corrclaied with the Riyktan
Suite af the Central Urals. USSR: Halca-
noona Formation, Burr Well and Leigh
Creek, Northern Flinders Ringes, S, Auvst,
Linella afl. L. ukka (Cloud & Semikhalov
[969) occurs in the Johnnic Formation,
South Ibex Hills, California, USA.

Ages Late Adclaidean: in the USSR it i
apparently resiricted to the Vendiar.

Linclla munyalling f. nov
FIGS. li-y, 2a-n. 3h, ab, 8a-1, 99—

Materlid: “Vwenly-six specimens fromy West
Muount Hut. Termination HUl, Lake Arthur,
Myrtle Springs, Burr Well, Racbuck Bore
and Arkarools 4réas.
Holorype:S495 (Fips. 1x.y. 2a<: 9b), § km
east of Myrile Springs.

Nowe: Afier Munyalling Valley, where the
sttomatolites of the Arkaroola srea oceur.
Oiagnosic; Linelle - with dominantly- parullel
branching, a wall that Is discontinuous on some
columns, and -with highly varable lamina
shape. Columns ute gently bumpy. snd pointed

projections arc subordinate,

Description
Mode of Ocenrrence: ‘lhese stromatolites are
widespread tn the Wondowic Linestone of the
Notthern Flinders Runges, where they occur
in domcd biostromes and lenticular heds con-
sisting of coatiguous ilomed hicherms. com-
manly overluin by thid sandy limestohes, and/
or interbedded in green ot red shales. The biv-
steomes: vary in thickness in different areas
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from 50 cm to 2 m, depending on ihe relicf of
the individual hivhermy they comprise.. AL Bure
Well. individual bicherms are isalated (| Figs.
Sac.d) or cantignous, so that stromatolite beds
are lennicular, and recur 4t different strati-
graphic levels. These bivherms with growth
relief of ghout 1 m, are of ellipsuidal shape,
with strongly inclined columns at their margins.
Luminated shalc or linicstone fills the spaces
between biohesms (Figs. 8a.c) | in places, sandy
limestone Taps on io the bioherm margins, and
Ihen covers the whole biostrome or bed, Trans-
verse sections of bioherms are rarcly secn.
except where dips are gentle: c.g. neat Myrile
Sprngs oval bioherms occur, while at Arka-
roola.they are sinuous and jrregular, Small. iso-
lated bioherms only 30 em wide also eccur at
Arkarook:,

Column Shape atd’ Arrangement. There s
great variabiflity of column shape even within
single specimens. Most commouly, colunins are
verticul or inclined, gemtly curved, non-paraliel
and bumpy, varying from subcyvlindrcal to
twbervus  (Figs liey; 23— 8hef, 9a<).
Columins vary in diam, from | tu ¥ ©m, and
swell and constrict moderutely throughoul their
length. Lrunsverse sections are commonly oval,
vationsly elongated. lobale or rounded-polv.
gonal, nccasionally circular. Columng are up
tn 10 cm long hetween branches, but indivie
duals allain 4 height of ubout SO cm, The ter-
mitiations of columns may be either 1ounded
oc pointed (Fig Iprix.y). Columns are
poorly developed in the hioherms ut Arkaroola,
where they are bridged over after o few centi-
metees of growth (Fig HF)

Branching is very: frequent. variable, but mou
commonly subparallel (mostly - and  g-
parallel, somc y-parallel) and moderately i
vergent (Figs Ti-y; 2a-m: 9a-c). M all speci
mens. there are 4 few heanches which do not
erow jnto Jurge volumns, but terminate as nar-
ruw, pointed projections. 4 cm long, often
fess thait 1 em wide (e.z. Fig. 1x,v). These gre
subnrdinate and may either be paralle] to the
main column, oy diverge from it Tnteraliv.

Margin Structure: Columns arc moderately
bumipy: in general the bumps are low, rounded,
=5 cm in distm. and with o relicf of usually
less than 0.5 cm. Bumps may arade into shoet
pointed projections. Some cohimns  from
Myrile Springs are rather smooth (Figs 1w.y),
The margins of columns. are mostly walled, bug
fur shorr distances the wall may be: absent,
Short overhanging luminse and peaks arc pre-
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sent  moderately  freqguently, white adjacent
columns are samelimey linked by bridges ot
varying thickness. Somie wnclined colunins at
bioherm margins at Bupr Well are largely
umwalled (Fig 8e), [n many oulerops. solimns
ure seen 0 he hndged over at the top. The wall
is tormed by the murginal portions of -hoth
steeply and genily convex laminae coveting the
lawepl surface of cotunins, but 1he number of
[aniinac participating is dilficult o estim:ite,
tue lo recrystatlization of the wall zone. Well
prescrved specimiens from Myrtle Springs shosy
that up 1o 20 (aiminae may he involved, the
wall zone here hemg up to 5 mm thick (Iie.
Yh),

Lamina shape is highly variable (Fig. Sh). with
a large spreud of values of h/d from 0.2 1o 1.3:
the grealest variability is scen in single speci-
mens at Myrtle Springs, asul laminae from
other areas {all within this range; 769 of lami-
nag measured have h/d between 0.3 and 0.7
{Fig, ah}. The mnst steeply convex taminie
vecur in the pointed columns at Myrtle Springs,
where they approach subconical shape; othicr-
wise laminae are smoolhly domed. rarcly reat-
angular ar flattened. On i finer scaie, well-pre-
served laminae are smooth or very gently wavy!
na primacy wonkling is seen, although in some
specimens,  eecrystallization  has  embayed
laminac so as to produce a secondary wrink-
ling.

Mjcrostrictire is bust preserves in specimens
from Myrtie Springs, where it is seeit 1o consist
of thin, cven, Jight and dark laminae, which
are generally continuous. but may be cut hy
small micro-unconformities. Bath laming types
thin markedly and become more distincl to-
wards the column margins. laminac are cspe-
cially prominent in the wall 7onc, where they
are of more uniform thickness (0.05-0.1 mm),
with smoalh, paraliel boundarics, but lens out
gradually down the column margin (Fig. 9b).
Here ilirk laminae. composed of an interlock-
ing mosaic of Acnoiopic calcite, of grain size
(.0064112 mm. alternate with lighter fantipac
of similar texture and shightly coarser grain gize
(001514 mm), In the central pottions of
columps. laminae arc 0,1 10 0.5 mm thick, the
pale laminie generally being thicker than the
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datk. The lamiiae ure of simifar texture and
griin size 1o those at colunin Marains, hut the
light laitiinae contan ahumidant ifregular, xeno-
lopic dolumite cryatals of gram size 0.03-0.G5
nim. Microstructures-From olher areas are less
well preserved; “frequently the finest laminae
have been nbliterated hy gregter dolomitizalion
(e.g. Ruebuck Bore, Fig, 9a}, or by more per-
vasive recrystallization of the limcstone. Smatl
areus with itnaltered very thin laminag vsually
oceur ag remnants ol the anginal microsiruc-
lure.

Interspaces: The sediment filling Iatérspaces
varies from ares to area. Al Mynfe Springs,
columps ure widely separated (1 L 10 cm
apatt). and the interspace sediment is Inyered,
vonsisting of sliernuting bands of =ind and
micritic’ himextone. The micritic bands arc
homogeacotis, 2-25 mm thick, and consist of
slightly recrystallized aenntapic calcite (grain
size'0.003-0,01 mm) with rare. seatterad dolo-
mite thombs, In places, algal Jaminac form
continuows  bridges  capping  the dops of
columiis. but alsop oceuy as wpwird-concave
laminated sedintent between walled columns.
indicating “that they posi-dale the .column
erowth. Such -algol laminae may in tum prade
up into new columns. Both the micrite and the
algal faminae are scoured in places 1o a depth
of up to 3 cm, and the channels 5o formed sre
filled with coarse sand, of grain size N35-2 mm,
with ooids, miror lime mud, and cemented by
fine, sparry and acicular calcitc. The zrowth
relief of columns must have cxceeded. abow
S cm above the surronnding sediment, which
was formed by slow deposition of lime nud
#nd periodie rapid deposition of coarse delritus:
Intraclastic hmestohes (offen sundy), oocur ot
Rocbuck Bore (here intrdclasts wie liwesione
while their matrix is dolomitized) -and Birr
Well tFigs. 9a; 8¢), Intvaclasts are randomly
oricnted, shghtly 1yponnded; istructurcless  flat
pebbles up 1o [ cm lopg, consisting of rzcrys-
tallized xenotopic culcite of grain size 0.01—
1103 mm. The matrix copsists. gf squigranular,
xenotopic dolomite of grain size 0.05-0.03 mm
wilth minor fine_ guatiz sand, ang Ifon-staincd
dolomitic pellets. -Specimens from the middle
member of the Wundbic Lunestone at Avka.
B Lot L L M

Fig 1.

»
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Reconstructions af Linelle, Umberatana Group, -Fii%ulﬁt;r:;iR:itégcm {A=h)r 'L'iyéjéy whka, Bal-
canoons Fuimation, Burr Well; (a, b, {,.h]—=S478; ¢, 7, =} '—3477‘:"{:{}?‘ 54}

Linella munsalima Wundowie Limestane Member, Rogbuck Bore: (j, k., 1.1, 93,5431, (p)

—S430; 15, OP—=S842R: fm)—S8427; (=) -

dinella anoavallina, Wundowig - Limeslone Mem-

ter, Rurr Well: (1, 1, v)—SASSS; (5, v)—S384, Inchned calumns from bicherm margingg (w,

x. ¥)—Linella munyall
1iolatype S495.

na. Wondowie Limesione Member, 8-km east .of Myrle Springs H.S,

1,0
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oola contuin humded interspuce sediment; the
altetnating bands, up 1o 1 em Ihick, contain
micrite and fine intruspanic respectively, sug-
gesting periodic current action te renwork lime
mud fragnients, In (he upper member of the
Wundowie Limestone at Arkarnca, interspaces
are filled with homogenegus fine subangular
quartz sand, ¢cemented by minor culcile.

Secondury Alterarion: Specimeny itonm Mystle
Springs arc hest preserved, the chief atteration
being partind dolomiuzation of light laminac,
Altecation of the wall zone by recrystalhizatun
of calcile is common in ol wreas: the outer por-
tions of laminne nne recrystallized {o an eyii-
granular, hypidiotopic calcire mosaic. Where
recrystallization. is slight, « few relics of dark
laminae are preserved in o spalry calcite
mosaic, of grain size 0.03 9.05 mm. ovilen wilh
scattered  dolomite -crystals, With esueme 1e-
crystallization, the whole of @ column may be
alfected, resulling in a coarse hypidiotopic
mosaic of cquidimensianal, twinned galcite
crystuls. .52 mm diam, A secondary green
claycy mineral forms an interstitial matriv be-
{ween caleite crystals. and probably represents
u searegation of impurities during reerystalhizas
fion. Even in 1kese cascs, the wall iy usually
preserved as a thin lavec of very fine caleite,
and the interspuce outside it 1s unaffected.
These patches of coarse recrystullization, to.
getber ‘with Ihe fine calcite veins they grade
i, sppareaily post-date the dolomitization of
light laminae, since relics of this dolomite ure
preserved within them, Specitnens from Ree-
buck Bore are verv Largely dolemitized, appre-
ciahle amoums of. calcite heing prescrved only
in the columns amd in some intraclasts. ‘Vhe
inlerspace matrix is completcly dolonitized.
dolomitization predating stylolites. and ealcite
vaime.

Comparisons
The stromawlites from the Wundowie Linic-
stone ot Mystle Springy, Burr Well. Rocbuck
Rore aud the Willodran Ranges are identified
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as Linella on the basis of theit branching,
humpy, tubcrous cotumns and the presence of
awall and poinled projections. Sprcimens from
Arskaroela are also included, although here the
colummur *eds ure thin, and columns rapidly
cisalesce or arc bridged over by wavy-laminated
cromatolite < Linelin sunyalling is similar to
KNulparia remsis Preiss and Kulavia vos-
ratg Preiss in having bumpy wallted columns
‘vt pointed projections, but the columns of
the laller iwa forms wre more closely spaced,
wthevlindrical and always parallel, with o
divergent branching, Linella wmanvallivg is dis-
tinguished from L. phka Krylov by s domi-
nantly parallel branching. fewer pointed pro-
jections, the presence of oderalely: frequent
peaks, bridges  and  unwalled  patches  of
colunins. Litella simica Kivlov haz ribhed
columns, while L. wvis Kryloy Has more
gnatled, thickly walled columns with very fre-
quent pointed projections. L. zhatca Shenfil'
carely has s wall and has markedly divergent
branching.

Dixtribution; Widesnread in the Wundowic
Limestone, Untberwtann  Group. of  the
Notthern Flinders Ranges: neyr the West
Mount Coppér Mine, 5 km east of Wesi
Mount Hut. 9 km north of Terminition Hill
and at «ake Arthur. Willonran Ranges:
mitldle member of the Wundowie Limestone.
9 km «ast of Mystle Springs; lower member
of thé¢ Wundowie Limestone, Burr Well:
middle member of the Wundowie Limestone,
Rochuck Boare; and lower and ipper 1meni-
bere of the Wundowwe Limestone, 2 km
south of the Arkarooln Airsirin. A sl
specimen from  thes South  Australian
Muscum -collestion (supplied by Mr. N.
Pledge). found in the Eting Formation near
Autipews Hut, Central Flinders Ranges, cast
of Martin's Well piay alse be Linella wmun-
yollina.

Age: Late Adelaides, correlined with either
the Lale Ripaean ¢ Vepdian ol the LSS

Fig. 2.

Recomsiructions of Linella munyailing, Omacfienia wischurica and Tungussia cting. {a-0y—

Linella mpovallima, Wandowie Limestons Members (4, b, ¢)- Holotype S495, 8 km eust ol
Myrile Springs HS., (d. 1)—554€, Tuke Arthur, south-western Willouran Rances (Collected

by Mr. B. Mucrell)s (¢)—S485: Burr Well; (Fi- y
Murrell): (g, h)- -S#8r, A0 Well; (j)—S552,

{Collacted by M1, B

<556, West Moupt Hut, Willonn Ranges
Lake Arthur, South-

westery Willanran Ranges (Collected by Mr. E. Mutrelly; (k1—-5744. 7 kun east of Copley;(L)

—8555, West Mount ,.ut, Willourag Ran
Lm north of Termination Hill (Coullscled

fzs [Cc’) cted by M He ofuerell)s Lm)— 8566, 2

w Me B Murrell); 1a)-—S224, Munyallina Val-

fey: {o—)—Lmachtenie wischurica, from the uppermost beds of the Tupley Hill Formation,

Deput Creck: (0, p, T)—S8394; {y) -S392. Note: |
prams: (8)—SIS8, Tunpussia etny, Fling Founation,

Not all bridges conld be shown on dia-
S km east of Blisawb, (1)—=SI187,

Targassia #ina. Etina Formation, Enorami Creek.
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Group OMACHTENIJA Nuzhnov
Collemu omachtensis Nuzhpov 1960 1422,
Oiaeclitenia Nuzhnay 1967: 131,

Type Fure: Omuchrenia amachiensis Nuzh-
nov, from the Omakhtin Suite of the Uchor
Basin, Uchuro-Maya region, S.E. Siberian
Platform,
Pivgnoviv: Columnar-layered stromaioelites con-
sishme of cvlindrical and subeylindreal un-
walled colomns, frequently widening upwurds,
with numerous cornices and  hridges linking
several columns: Kranching is maialy w-parallel:
columns aie usually vertical, sometimes radiat-
ing or curved,
Cantents Omuachienia omachrensis Wushnov,
0. ueschiivier Nuzhrov: and Q. givineisiy
Nuzhov.
Age aud Disiribution: Early Riphean in the
Uchuro-Maya regton of the USSR, but a
South Australin, 0. weschurted vccurs n
ricks. correlated with the Lute Riphean,

Ontachtenia utschurica Nuzhoov 19672 133,
IFIGS. 2o-r, S¢, Ge, 9d.e, 10a-c
Muterial: Nine specimens [ram Repot Creck
and Mundallio Creck.
Description

Mode of Occyreenve: The stromatolites form
small  lenticolar  bioherss  tepeatedly  inler-
calated in very finelv laminated ealcareons silt-
stones of the top of the Tapley Hill F'ormation,
sonth-western Flinders Ranges. Commonly dis-
crete, highermis 2 1a several tens of metres
wide, develop on crosional surfaces on the
undeslying laminated siltstones (Preiss 1973h,
. 28) and are cluscly nssociated with chan-
nels flled with imbricated fat-pebhle-breccias,
often surrounding the bioherm. Bioherms arc
generally less than | m thick. All gradations
from fli-laminated 1o domed, club-haped,
preudocolumnar and  columpar. stromatoliles
exist (Figs. 20-1, 9dc¢) Where columns are
developed, ther axcs are mostly vertical, but
their sides may slope in vorious directions, antl
nverhang the interspaces [ Fig. 10a).
Colpnn - Shape  ond  Areangement: Where
oolumns are ‘discrete, they are generally sub-
cylindrical. sometines widening upwards, either
vertical, or radially areapged. Columng  are
rarely cosmpletely discrete for more thin i few
centimetres, but arc either linked by bridges or
cotpletely coalesced. They may pasy Fitlerally
as well a¢ vertically info Jateralle linked or flat-
laminated stromatolites, which miy in wen: piss
inle Aat-pebhie breccia. at least some of the
iotraclasts being rewnrked chips of algal mals
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Columms cemmonly commmense growth upon
some wreguladty of the subsirawim, eg on ihe
crosivnal surface of the underlying <ils oy on
uptirned flat pebbles (Fig 2Zp). Columns lire
maslly circular in cross section, 2-15 em Ty
diam.. but may be eomplexly fobaie,
Branching: True  branching  injo.  discrete
columns s moderately rane, bul may be mul-
tiple. Branching may be n- - or s-parallel,
sametimes matkedly y-paralled. ar slightiy -
verpent. Branched columns ure  frequemly
bridged over, or coujesce, after a few centi-
metres.

Margin  Strucipre: - Column Margins  -are
extremely irzegular with numerous short cor-
nites. bridees und overhanging laminac, shich
drape over the periodically deposited interspace
sediment (Fig. 10b). Bridges consist of from
one to many laminae, up to several centimeties
thick. Over inturvals. without bridges or over-
fianging laminae (which may tepreseat periods
of prowth during which inferspaces were not
flled) the column murgin bears small riby and
bumps. Nowhere is a wall developed.

Liimfnag Shape: Laminae afc never steeply con-
vext il mest cases, they are fMui-topped, with
dnwn-turned edges. 1.2. thombic or rectangular.
They may grade both laterally and vertically
into continsous flal Jaminue,. Typical lamina
shupes ure illustrated in Fig. S¢. Of 40 laminue
measured, 835 have h/d between .2 and 0.4
(Tig. 6c), I the growth of a column ¥ nsyme-
metrical, laminae are plso asymmelrical, "but
growth always procceds vertically, although
columin sides may be sloping. Laminae are
smooth, very tiarcly wrinkled or fincly wavy,
occasionally with micro-unconformities.

Microstructure is. distinetly banded and con-
«ists of an altermation of sparry and pelletal cal-
cite laminae and fing.  granulay  dolomite
laminae (Fig. 10bc). Dolomite laminae arc
0.2 to 1,0 mm thick. and thin only slightly
(nwards column margins. Their upper and
lower boundaries are more or less parallel; the
upper boundary is always sharp and oftcn
smooth, while the lower is usually pradational
into pelletal luminae, Dolamite laminac. with
almost no caleite, consist of granular, equi-
dimensional hypidiotopic to idintopic dolomite,
arain size 0.01-0.03 mm. At the boundaries,
athedral dolomite crystals. protrude into the
adjaceat sparry laminae. In places, several thin
dolomite Iuminae are grouped to form macro-
Jaminae up 10 2 mny thick: here the dolomie
Jaminae are separated by thin, Jiscontinuous
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lenses of sparry calcile. which may be dpen
space filings (Fig. 10b),

Dolomite layers ate overlain with shirp nnd
sametimes sightly groded coltuct by coursely
sparry calcite lamibue vurving in. thickness
from 0.1=-1.00 mm. which pinch and swell sud
may lens out laterally. The calcite 3 hypidjo-
tupic (0 Xenotopic. transparcnt. consisting of
frequently twinned crystals, graln size (0L04—
0.2 mm, Tn places. there are lenses of coarser,
polygonal calcite of pruin size up 1o 0.6 mm,
and Tarcly, ot dviculur caltite. Scattered very
smull dolomitle thombs oceur in places, Sparry
calcite Jaminae grade up into pelletal Lamina,
consisting of subrounded pellets O6-1),1 mm
in diam., of fine grained hypidiotopic Jolomite
(0U.11-0,02 mm grain size), with clear, xeno-
topic. calcite cement lilling 1he voids. Pellets
beeome more tighdy pucked upwards, s6 that
they grade intn homogencous delomite laminae.
In one specimen (Fig. 10c) pelletal Jaminac
arc poorly developed,

fnterspaces betwezn columns are flled with
intraclist and pellet grainstones. periodicp)ly
intercupted by hridgsing lnminae, Essentially the
sume sediment occurs outside the bioherms in
channels cut into the underlying silts, but there
it i§ bedded, and <lasts are mhricated.. In the
interspaces, the sediment is largely unbedded
(Fig. 10a,b) consisting of flat intraclasts up to
several centimelres long, 1—4 mm thick, ran
dornly oriented and loosely packed with nuner-
ops round to ovoid pelfets, 0.15-0.3 mm m
diam. Peliets and intraclusts consist of cqui-
eranufar hypidiotopic dolamite similar 1o ihat
of the dalomite Jaminae: the intraclasts were
prohably densed from the erasion of the fut-
laminated varicty of the stromatolites, while
pellets are Interpreled as communuied and
reunded, 1epeatedly reworked dolomite intri-
clasts. Allochems must have been in part malnx
supparted, but olly [ocally is a hme mud mat-
Tix preserved. Muost grains are cenienied hy a
clear, sparry cemens of xenolopic incquigranu-
lar calcite, grain size up to 0.4 mm. Whatr must

ave been primary lime muod supporting scat-
tered intiaclasts now consists of recrystallized
hypidiotopic calcite. grain sice 0,05-0.1 mm
with scanered dulomite tThombs. In places, large
allochems or overhahgiog column margins shel-
tered the underlying areas from settling mud,
and these are now filled with course, open space
filling sparty calcite,

Secondary Alteration: Tolomite pellets and
Intraclasts were probably reworked as dolomite,
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i.&. the oligloal sediment was affeciwl by early
diagenctic dolomitisation and then redeposited;
many intraclasts arc long and flat, and could
ot hove withstood transport without being
lithitied. ‘Ihese allochems were partly supporeed
by lime mud, and partly winnowed, lcaving
open spaces filled with sparry cement. The time
of dulomitization of the dolomiiic stromatolite
laminae is no! clear; dolomite pellets are
cemented with sparty csleite, suguesting that
the sediment was brought in as dolomite. But
dolomite rhombs in the laminac appear to post.
date the calcile cement. In addinon, dolomite
rhomhs occur scateered throughont the Teervs-
tatlized lime pud (now miciospur), and the
sparry, opea space filling caleite, It is likely
that minor secondary dolomilization affected
th= whole: sediment after it deposition. Post-
depositional pyrite cubes, 0,08-0,20 mm wide,
are scattered throughout the rock. Stylolites are
rare, and age restricted to broadly confurmable
iypes which follow bridging laminae hetween
colummns.

Comparisons

The columnar and columpar-ayered portions
uf this stromatolite accord with Nuzhnov's des-
eription ot Qiachseniain having evlindrical or
sib-cylindrical columns with frequent cotpices
nnd overhangs on the lateral suefuces. which
are Jinked by numcrous bridges and lavers
common 10 several columns. Branchidy in boih
is dichotomuus or multiple, usually w-parallel,
Cotumns are nsually verlical, or rarcly. radiat-
ing. As the domed and Matlmmited. sirma-
tolites cannot be separated fram the calumnar
and columnar-layered portions. these must be
included  as  environmental  variations  of
Omachtenia, ‘The stromatolites differ from
Jurtisania Ktylov and Knssfellu Krylov in hav.
ing more irregatar, mane Frequently branching
columns repeatedly linked by hridges. The
repeated bridging and characteristic thick. pel-
letal Juininae distinguishes them from the basal
portions of Inzeria conjuncte and Acaciella
augesia.. Q.. utschurica Nuzhtov iffess from
0. zjvunensis Nuzhnov in having more genty
canvex laminae (h/d less than 0.5). O. vntach-
tensiy Nuzhnov has genenilly narrower columns
and some short, lateral outgrowths, uand thin-
ner, non-pelletal laminag. €. wrschurica from
the Tapley Hili Formation is extremely similar
ln (), urschurica from . ahe Uchur River, USSR,
in gross shape, tvpe of bridges and lamina
shitpe, but has slightly thicker pelletal laminae.
{ Pellels may also be present in the type nhie-
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rial, as'in Nuazhinov 1967, Pl. 11(4)). Omach-
1enia closely resembles Schuncharia Korolyuk
in grass shape. Taminudiva amd bridging; Schan-
charta; however, appatently has a thin, nne-
Tayered wall { Korolyuk, 1960).
Disieibution: The Omakblin Suite of the
Uchue River, S_E. Stberian Platform, and the
upper Tapley Hill Formation, Depor Creek
and Mundallic Cresk, S.\W. Fliaders Ranges,
S. Aust
Azes Barly Riphesn in the USSR, but hereil
is Late Adelaidesn, in hed¢ correlated by
othier stromatolités with the [Late Riphean.

Group TUNGUSSIA Seniikhatov
Collezia swhotimglisica Semikhatoy 1960:
1481,

Tungussia Semikhatov 1962; 205,
Type Form: Tungussia nodose Semiklnioy.
from the Sukhotungusin  Suire.  Yinises
Mountuins.
Diggnosiv: Tuherous w subeylindrical,. hori-
zontal tu vertical columns with frequent, nml-
tipte, markedly divergent branchings latera) sur-
face is sinonth or with small peaks, and at least
locally with a wall.
Corienl= 1. nodosa Semikhatov, T. confnsa
Semikhatov, T. sibirice Nuzhnov, 0 inn
Walter and 1. erecrw Waltere T. bassa 13 &
Luteral varinnt ot Linelfa ukka Kryloy, T.
rnpiggeni Ruaben und 7. ruvsa Raaben are
insufficiently deseribad und illustrated to
allow comparison, and the description of 7.
dretier Raaben s unavailable. New forms
ate T. etine and T, witkatanna.
Ape: Middie 1o Late Riphean, and probably
Vendian,

Tungussia ¢timt. . Hov.
F1GS, 24t 3a-m, 4ab, 5d, 6d, 1ide, Jla-e,
124

Materia!: Twenty-eight specimens Ironi Mt
Chambers Gotge, Teatree 0.S.. Blinman,
Martin's Well, Enorama and Arkabu areas.
Holorype: 8435 (Figs. 3i.1, 4ab, 11€), Mt
Chambers Gorge.
Nanzwe: After the: Etina Formalion, in which
the stromatolites pardy occur,

—
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Diavnosis: Tangussic with 4 wide varlition of
hranching sivic from subparallel to markedly
divergent, a thin, interrupted wall, and thick,
pinching and swelling, wavy laninje. Coarse
detritus can be incorporated in Jight laminae,
if it was available during growth,
Dexeription

Mode of Oceurrence: The stromatolites occur
in irrcgular tonguing bioherms and leaticular
beds 1n the Elina Formution and its cxfensions
in the Northern Flinders Ranges Exposures are
often Inadequale to determine the exuct shape
of the lenses; hiut generally they are discrete
wolated  bodies, surrounded by sandy  und
oolitic limestones. Tn the vccurmenoe neur Mt
Chambers Gorge, the columnat stromatnlites
averlie irregularly Jaminated sandy and oolitic
limestune (the contact is now stviolitic). and
form 4 jens up to Z m thick in its thickest parl.
In places, growth continved on the p of the
Tens in the form of lreegularly wavy and
psendocoluntnar stromatolites. At the margins
of the bioberm, columns grade laterally into
psenducolumns and Wavy Jantinac, which inter-
tangue with oolilic limestone. At Teatree O,
the stromatolitic hed uagain intestongues with
oolitic limestones, butl hete columas irc mere
inclined at the hioherm margins thap in their
centres. Suaiar relations of stromutolitic bio-
herms intertonguing with sandy vowd and intra-
clast grainstoncs werc observed in the Elina
Formation in the Arkaba Hills, Enorama Creek
(Fig. 10c), Blinman and en the south-western
flank of the Enoramy Dispic. However, at
many locations in {he Central Flinders Ranges.
the columnar portions are poorly developed.
Calumnar Shupe and’ drvrangement: Well deve-
loped columns persist vertically for more than
1€ cmi only in the sections ai Mt Chambers
Gorge, Enorama Diapir and at Teutree 0.5
elsewhere short, irregular columns  quickly
eriude up inlo lnked pseudocolumns. At M
Chambers Gorge, the orientation ol columns
varies [rom verfical to variously inclined, to
subhorizontal (Fig. 10d}. Columns from the
Teatree O.S, loeality are also variously inclined.
but rarely subhorizontali some are subparallel
(Figs 3s.t. 12a), Columns from all afeas are
tubcrous. bumpy. swelling and ¢onstricting. or.

Fiz. 3.
Rariges.

S km east of Blinman; (¢)}—S3561, Etina

Revonstructiony of Tungussic eting, Umberatanu Group, Central and  Northern  Flinders
(2)—S286, Wundowie Limestone, near Teatree O.S.: (b)—S138. Efina Fotmation.
Formation. S.E. margin of Enorama Diapir: (d)- -

§522. Flina Formation, Arkaba Hills; {e)—S526, Balcanoona Formation. near Moinl Cham-

bers: (f. g, I—Wundowie Limestane Member. neor Toutree OS5

(fy S441, (3) S444, (b}

S440. (i 9, k., m)—Balcanoona Formation, nene Mount Chambers: (i, 11—Holotype, S435,

(|)—S436, {k)—S535. (m)—S8524,
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less oomimonly, steatght, subeylindrical. Short
columns trom Central Flinders localities are
frequently bulbous {Fig. 11d). Bumps apd
swellings are generally broad aml tounded,
while canstrictions. somettmes tuke the farnt of
deepr Indentations into the main column, at
poims ol hranching  (Fig. 3afth). Some
colomns branching from the: main column are
only 4 few centimetres long, with either pointesd
or tounded terminations (Fig, 3a). Columns
yary preallv in diameter from | to 10 ¢m, the
largest oceurnng st Mt Chambers Gorge.
Transverse seetions vary from elliptical 1o com-
plexly lubatct circular sections aré rane.
franchlng is very frequent and highly variables;
even within single specimens. both parallel and
markedly divecgent branching may occur. Spe-
cimens from Mt Chumbers Gorge have pres
dominantly  muliiple, surkedly  divergent
brunching. although columns may hecome sub-
parallzl soon alter branching (Fig. Im). Al
Teutige 0.8.. ourkedly divergent branching
and parallel or slightly divergent hrancting
veeur  together (Figs. Mgh, 1la, 124
Columus from Enonuma Creek are frexuently
truneated by stylulites pandlel to overall bed-
Jding, so that the style of branching is ahsenred.
Columns Irom this locality that ullowed recan-
«tiuction {Fig. 20). show markedly divergent
branching,

Margin Strichites! Primary margin stretufe is
frequently nhscured by stylolites; in some speei-
mens from  Arkaba. Teatree OS. and Mt
Chambers Grirge, almost na column margins
are preserved. Where columns mie relatively
pnalfecled by stylnlites, they are scen to bear
thin, incrrupted walls. involving two or three
taminae only, or very locally, multitaminate
walls, c.z. Enoraniy Creek and Tcatree O.S.
(Fias. 1@y}, Bui Ihe latler are affected by
pervasive rectystallization, so that commonly
only the vuter murgin of the wall is preserved.
Adjaccit columns frequently coulesce, or are
fimked hy mussive hridges up to several centi-
metees thick. Bridges and overhanging laminae
ure chmmon on unwalled portions of caltimns.
especially from Mt Chambers Gorge (Fig,
At Column musgins are gently bumpy. with
occasional short transverse ribs. Most of the
surface irregilarity of some specimens fnum
Teatree 0.5, s tue to stylolitic solutton. of
column snarging (e Fig, 3a).

Lamiing Shapé i most comimonly moderately
steeply convex {Fig. 5d). Measurement of h/d
ratip is Jditfieule in some specimens done to
removal of column margins by stloliiie solu-
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tion; thus measured ralios nlay be too low i
these cases. Of 131 laminae measured, Y3%
have matos ui h/d hetween 112 and 0.7, the
made being betywieen 0.3 and 0.4, Laminae are
mudeealely to markedly wavy, the undolitions

having @ wavelength of 310 mm, and anpli-

tude 1-5 mm. laminae are lenticular. amdl
pinch and swell murkedly over shott distanpes:
this irreguladty is caused at least in part by
erosional micrn-uncanformities (Fig. 1lee).

Micrasgructursy A broad, ieregular limination
is wull pieserved in some specimens from Teu-
trec 0.5, Blinman, Enoruma Creek and Mt
Chambers Gorge. where thick, wavy, pinching,
and swelling light laminac aliernate with durker
thin, fine-grained laminac frequently with clay
or iron oxide impurities, Lighi lanunoe vary
rapidly in thickness from 0.2-2.00 mm, and
frequently lens out laterally; tew exlemd across
a Tull column width. Very commonly, the light
laminac are truncated by erosion suglaces, vypee
ciifly in specimens from Mt Chambers Gorge
(Fig. Yie). They jre composcd ol yijuigranntar
xenotopic ta hypldiotopic mosuic caleite, gram
size 0.006-0.03 mm. Occasionally. ¢oarser
detrituy is incorporated. if it was available. For
¢xample, the Enorama Creek stromatolites con-
tain up o S0E of oouds and coated prams,
03=1.00 mm in diant, within thear light lamue
nae. Elopgated ooids amd coated prains arc
aligned  parullel o the Kmination, and arc
always supported by the finer sediment of tht
stromatolitic luminac, Oeids are  estremely
abundant in the interspaces: Specimens from
Teatree O.S. contain very few noids, but heic
the supply was not great, as seen from the pre-
pondetanee of Time mud in the interspaces, At
Mt Chantbers Goree, ooids are absent both in
interspaces and stromatolite laminae, buy fine
sand present in interspuces ¢ also incorporated
into Jaminac. These observatinns suggest that
the algal mats were cupable of trapping coarser
detritus, i€ it was brought to the site The
thinner dark laminae are 0.05-0.15 mm thick,
and composed of very fine micritic caleite, of
xenotopie, exuligranular testure and prain sizc
0.003-0.01 mm. At Mt Chamberss, the dark
laminae are emphasized by very fine, hypidio-
uipic ferruginous dolomite concentraled alang
them. In places (¢.g Blinman), dark laminav
with shaip lower boundaries grade up into light
laminae (Fig. 11d). At Arkaba Hills, the dark
laminae arc largely stylolitic.

{nterspaces: Columins are moderately closely
spaced, interspaces 5 mm=2 cm wide, The type
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af sedimeni Blling the interspaces varies in the
ifferent preas, and its relation to the quantity
of Jetrittis in Jaminae has already been dis-
cusseil. At Mr Chaombeis Gorge, interspaces
are filled mainly with slightv dolomitized and
recrystallized puctly lamingted lime mud. with
a fewv bands up to 2 em thick of very fine, sub-
angular yuartz sand. Flat intraclasts up to 2
cm long are in places stacked verrically in inter-
spaces between walled columns. indicaling 2
minimum relief” of 2 ¢m. Diserete areas of
intraclast graindone suggest that sfter column
yrowth, coarser  detritus was  occasionally
washed in hetween times of seutling of lime
mud. At Teatrex O,S. interspaces contain
poorly bedded micritic limestone :and ooid
wuckestunes in one specimen (Fig. 11h), these
slternate in 5 mm bands. Qoids are commonly
preserved only as moulds infilled with sparry
culcite. Unbedded fine or medium sand witl «
micrite matrix commeoenly fills interspaces. in the
Etina Formation, At Blinman, the sand con-
tains rounded miedium  grained quartz, red
teldspur. and green pellets consisting of a chio-
ritic mincral. Since liltle sand ic incorporated
into the siropnitolitic laminae, the interspuces
were probably rapidly Rlled after. not during.
column growth, Interspaces at Enarama Creek
are filled with ooid grainstone exclusively—the
ullochenis are chicfly ooids with a single outer
famina and coatled, fat intractasts. Qalitic
faminue may be partly detached, perhaps due
to the growth of spasry coment,

Sceondary Altération: Specimens from Blin-
mun and Enorama Creek are the best -pre-
served. the chief alteration being the formation
of cilvite vains, cut by later stylolites parallel
to bedding. Dolomitization is restricted Lo spe-
cimeny trum Teatree 0.5, and Mt Chambers
Gorge: thombs of dolomite varving from 0,01~
(0.015 mm, sometimes ferruginous, sre scat-
tered thioughout both lamina tvpes. Ferru-
gmuus dolomite is concentrated in the dark
laminze and the intcrspace <ediment at Mt
Chumbers Gorge. Small areas of recrystalliza-
{ion of fine grained calcite (o grumous teslure
ure present w all specimets; the wall zone ¢spe-
cially may he almost totally recrysallized, leav-
Ing unly the outer lamina preserved. Light
laminae are complefely recrystullized in one
specimen from Mt Chumbers Gorpe, Stylolites
oo column margins ace very frequent ut Teatree
0S., Arkaba Hills and Martin's Well, post-
dating the recrystallization of laminae and
replacement of ooids by sparry calcite, but
appareatly  pre-dating  dolomitization.  Luea)
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large sotulion cavitics are rimmed with zoned
ferruginous dolomite rhambs, then flled with
coarse, granvlar sparry calcite.
Comparisons

The stromatelites are chutacterized by a very
wide variution of gross murphology, capeciaily
branching, which distinguishes them from all
parallel-brapching stromatolites, although sonie
resemble fnzeria Krylov in having deep inden-
tations into the main column at branching.
They are assigned to the group Tungussia on
the presence of insrkedly divergent branching,
subhvorizontal columns, and thus iffer from
the other divergent branching groups Linelfa
Krylov, Baicalin Krylov. Anabaria Komar,
Polnidia Rasben and Parmites Raaben. Linelfe
hus very numerous pointed projections, snd
columns are subhasizontal only in the marginal
pottions of bioherms. Balealia differs in having
chicfly ragged, unwalled, margins. with fre-
yuent overhanging laminae. Anabariv has cnn-
sistent, slightly divergent branching, and eylin-
drical’ calumins, The columis of Poludia arc
complexty curved and intertwined, while those
of Parmires arc anastomosing.

Treagessia etina differs from all other forms
of the group in its great varistion of branching
style. and ils microstructure. Some specinens
closely resemble Tungussia inne Walter in hav-
ing oolitic, wavy laminac, but T. ¢firg s dlis-
tinguished by its distinct thicker, pinching and
swelling lamination and variable branching,

Disteibution: Etina Formation and equiva-

fents, Umbcratana Group, Cenlral  and

Northera Flinders Ranges: Bakanoony For-

mation at Mt Chambers Gorge: Wundowie

Limestone at Teatree O.8,; Etina Formulion

neur Blinnian, Martin's Well, the S,E. flank

of the Enorama Diapir. Enorama Creck und
the Arkaba Hills area.

Agee Lale Adelaidean, correlated with Lhe

Latc Riphcun or Vendian of the USSR,
Tungussia wilkatanna f. nov.

FIGS. dc—, Se, e, 12b—e

Materiql: Five specimens {rom Depot Creek

and Mundallio Creck.

Holotype: S412 {Figs. 4€, 12¢), Deput Creek,

Name: After Wilkatanna H.S., B km north-

west of the type focalily,
Diagnosis: Tongussia with smooth (o gently
bumpy suheylindrical to tubcrous, freguently
waolled columns, with markedty divergent mml-
tiple braiching and continuous thinly bamled,
hemispherical laminac.
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Descriprion
Mode of Occurrence: "The stromaltolites occur
in pale pink to white pure dolomites and pos-
sibly alse ih datk ey dolomiles, us estensive
bivstromex; 11,3<2 m thick, interbedded in laml-
nated siltsiones and shales. '1 he ypper surfuces
uf hwstromes are irregular, undulating, and in
places. erosional, Stromatolitic columns -arise
from Natdominated or comulate buses (Fig,
12c}; prowth frequettly commencing upon the
vrouled surfree of the wnderlying shule, In some
beds, only the flat-laminated or cumulate
stage of geowth is altained, in others, upto 2 m
lhicknesy of columnns develops. Calumns ane
cither bndged over at the top by latcrally
linked hemispheroids. or ecoded. Columnar
portions may grade laterally along the bio-
sirome into laterally linked henuspheroids,
Colwnn Shape and Arrangemens; Columns ure
subeylindrical to tuberous, bumpy, 2—-10 ¢m in
i, with low broad swellings and constric-
tions; portions of columns widen rapidly above
a canstrigtion (Fig 4c,d.f). Cross=scctions vary
frony subicireular Lo highly lobate, The orienta-
tion of culumns is highly variable, both huri-
zontul und vertical columns being comnion.
Individual columns ane 520 cm high, but the
whole stiucture muy attain o height of 2 m.
franching: Both verticul columins aisd broad
cumule may arise fram the Nat-laminated base.
These typically give rise to o number of hon-
Lontal columns, from which in tum cither vee-
tical colurnns branch upwards, or fhe hotij-
zontal columns Ihimselves turn sharply up-
wards {Fig. 4e-i}, Columns arc frequently
constricted at branching, and then expand up.
wards rugldly. Muliple, markedly divergent.
hranching from one point is cammon.

Margin Stenetpre: The lateral surface beurs,
niimerous broad bunips of Up to several oenli-
meires (Flg, 4c). but in places columns are
guite smooth- (Figs. <4, 12e}., Overhanging
laminac are relatively rire, and any peaks and
cornices present are oily a faw millimetres long
(Fig. 4f1, A wall is usually preseny but may
he absent: unwalled areas are relativelv smooth
or fincly fringed, the laminae abutling against
the column margin at various angles (Fig.
12b.01. In walled areas, the laminac gradually
thin angd cover the surface for a distupce of up
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ta- 1 tm. The wall varies in thickiness Lrom 1
to 10 laminse (Fig. 12e). Bridges become pro-
minenl near the top of the structure.

Lamina Shape is mostly  hemisphericul. bul
gently conves laminae vecur in wide columns
and in some horizontal columns, especiallv in
unwulled portions.  Lanminac arc smoolhly
curved, without sharp flesures, ibicir shape
being inbenited  from  undestying  laminoe.
Micro-unconformities accur, but are mostly
only slight, Fig, Se illustrates some represenla-
live Jamina shapes. 83% of laminae have h/d
between 0.2 and 0.5, the modo (33409 being
between 0.3 and 0.4 (Fig. 6e). In placey lami-
nae develop two crests, anticipatine biunching.
Near the margins of columns, laminac thin.
and cither abut againsl the margin (in places
eroded} or bend over to farm # wall, Laminae
are tither smooth or very gendly undulating,
with amiplitude not exceeding vne millimetre.

Micmsituctiure s best preserved ip silicificd
portions of colamos; it is finely banded, ¢on-
sisting of alternating thu continuous dark wnd
light laminoe; continuity is broken only hy
micro-unconformuties (Fig. 128}, I the Jess
well  prewrved  dolomitic. strobiatolites.  the
finest laniinue are fréquenlly obliteraicd and
macrolamimae lend to predommate (Fig. 12h).
Light fumines vary in thickness from 0.05-0.2
mm, most commonly 0.05-0.1 mm, but thin
towards the coliumn magrgins where they form
the wall. The vpper and lower boundarsies are
parallel, and usually distinct and smooth. No
unequivocal detrital grains were scen; some
thicker pale Jaminae arc of finely grumouns tex-
ture. representing partially recrystallized dark
macrolaminae: Well preserved light liminae in
sificified columns consisls -of extremely fine
transparent -chietl—a xenoopic .aggregate of
cquidimensional quaitz grains, 0.0001-0.01 mm
in diam. Where preserved as cathonate, the
light laminao consist of Xcnolopic tn hypidin-
topic Jdolomite uf cquidimensional 0.005-0.02
mm grains, Dark laminee are geacrally thinoer
than light laminac (0.02-0.2 mm, most com-
monly 0.02-0.08 inm). Where well preserved
they have smooth. distinct boundaries. and are
quite continuous, bur in parts of dolomitic
columns, they are preserved only as chains of
elongated lenses, 0.1 to 0.5 mm long (Fig.

Fig. <.

Raconstructions of Tunpussiv etiag sund Tungnssia wilketannae. {(a, b)—Tungussia eting, Helo-

type 8435, Balcanoona Tarmation, neut Mount Chambers: (c=i)—Tungnssio wilkatanna, Skil-

loggalee Dolomite, Southerm Flinders Ranges; ¢, hl

—S8169. Depot Crock; (d)—S323, Mun-

dallio Creeks (e)—S8410, Depot Creek; (F)—Holotype. S412. Depot Creek; (g1—S408, Depat

Creek; (i11—S8209, Depor Creek.
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Fig. 5. Examples pf Luminn shapes of stromy-
tolites, traced from 1hin sections. (i) —
Linellu nkka; (by—Linella wauyallinis
() —Onacfitenia wischuriea; () —Tun-
suscia pling, (e)—Tungussie witkatann.
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12by. Silicified dark laminae constst of
extremely fine, pale brownish-grey organic
stained chert. of grain size 0,00]-0.005 mm.
Carbonate laminae consist of xenotopic dolo-
mite of -equidimensional 0.003-0,005 mm
irrains. Macrolaminae, 1-3 mm thick, consist-
ing of up to 10 light-dark lamination pajrs,
oceur only in the dolomitic portioix of columns
fFig. 12b). In places, the finc interpal Iamina-
tion of macrolaminae. is obliterated almost
entirely, but these grade latcrally imo unaltered
light and dark, very thin Jaminuae,

Interspucey: The distances between neighbotis-
jing columng vary [rom several millimetres to
several centimetres, The interspices are filled
with almost complelely uabedded intraclast
wackestone.. Clasts vary from (L5-2 cm: most
are well rounded, und composed of homo-
reneous. dolomicrite. Some are partially recrys-
tallized to grumous-texiured dolomite. Long,
Nat intraciasts. 0.5-1 mm thick, up o 2 cm
long. arc common neir the buse of one speci-
men; lhese are commonly replaced by coarse
spurry hypidiotopic dolomite. Intrachusts arc
randomly oriented, loosely packed und gene-
fully matrix-supported.

Secondary Aflteration: All definitely identified
vecurrences ure found in pale pink 10 white
dolomites; other specimens from dark grey
dolomiites. at Depot Creek probably also belang
fo this group but are inadequate for réliable
identification.. The dolomite generally preserves
most fine structiure (as does the Skillogalec
Dolomite of many othér areas), but in places
is significantly recrystallized. Silicification of
portions of columns occurred after the growth
of whole columns, but before partial alteration
of the surrounding carbonate, since it best pre-
serves the fincst lamination. In places it i8 pos-
sible to trace unaliered very thin laminae from
silicified to carbonatc portions of columns; in
ihe latler, only broad light and dark macro.
Fiminae nre preserved, The dolomitic nature of
the whole (unsilicificd)  sediment suggests
either  penccontemporaneous  dolomitization
{during stromatolite growth) or trapping ol
dolomitized Fme mud, Silicification thercfore
probahly  post-dites. dotomitization.  Grumaous
fextures. ure developed sporadically throughout
stromatolite and inferspace sediment, and were
probubly formed by partial recrystallization
during later disgenesis. [rregular stylolites. buth
clitting columns and following columan margins.
post-date the development of grumous texture.
They are commonly tich in limenite, and, in
plices, pale green chlorite.
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Comparisony

The stromatalites ate aysigned to the aroup
Tungussia on the basis of their mulliple,
markedly divergént branching and frequent
horizanial and. gently inclined columng, These
characters, in addiion o & consistently
smoother maurgin structure and fiequent pre.
<ence of a wull, distinguish them from Boicaltu
burre which occurs elsewhcre in the Skillogales
Dulomite, Taongussia wilkatenna s dilfcren-
tated from T, nodosa Semikhatov by its
smoother column margins, smeother. -consise
tently. hemispherical and never disharmonic
lominae.. 1t resembles 1. sibirica Nuzhnov in
having numerous horizontal colunins with up-
turned ends, but % distingiished by its
smoother murgin and presence of a wall. 7.
wilkatanna is distinguished {from 7. bpssa
Krylay in lacking jong horizontal columns, and
in oceurring independentlv, not us a fateral
variant ol Linelle wkka Krylov., Unlike 7:
crecra Walter. it lucks long erect eolumns. and
is distinguished from T, lnne Waller by its
smooth laminue. T wilkatannae most closely
resembles T, confusy Semikhatav, but is dis-
tinguished by its thinner, more continuous lami-
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nac of predoninanily hemispherical shape, 7.
wilkatanna has more regular and  diserete
culumns of constant shape and branching thun
T. ctina, and has thinner, more conlinuous,’
smoother laminae.
Distritmeion: In the lower third of the Skillo-
galec Dolomite, Burta Group: South-western
Elinders Runges: Depot Creck and Mun-
dallio Creek, Small specimens possibly 1o he
included, come from wnecar the base and near
the wp of the formation.
Ages Early Adclaidean,
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Linella ukka, Balcanoona Formation, Burr Well, Northesn Flinders Ranges. (a) —Longitudinal
sections of tuberous columns with pointed projections in outcrop. Marking pen is 10 cm long;
(b)—Longitudinul sactions of inclined columas ut a bioherm margin. Diameter of lens cap is
5 e ()—Cut slah, showing divergently branching columns. The while areas are patches
of coarsely crystalline calcile. S478: (d)—T.ongitudingl thin scction (S477); Laminae ure
largely obliterated by recrystallization; (¢)—A cut slab, adjacent to thin section ia (d).

Linella munyalling, Wundowie Limestone Member, Northern Flinders Ranges. (4)-—Recurved
margin of a bioherm, lowest limestone band, Hurr Well; {(b)—Longitudinal sections of com-
plexly branching columns, Rocbuck Bore: (c)—Inclined columns at a bioherm margin. Lowest
fimestone band, Burr Well; (d)—Outérop of a small bioherm. Lowest limestone band, Burr
well; (e)—Thin scction inclined columns [rom a bivherm macgin. Here the wall is poorl

developed, Towest limestone band, Burr Well. 5486, (f)—Thin section of columopy wilg
numerons bridges, Munyallina Valley, 5294.

{u—c)—Linella munyelling, Wundowie Limesione Member. (a)—Thin szction of slightly
divergent branching columns. Roebuck Bore. S$431: (h)—Thin scction of holotype, §495,
showing steeply domed laminae in parallel, walled columns. Note sandy Ienses in the inter-
spaces; (¢)—Thin section of shghtly divergent branching columns. West Mount Hut. §555;
(J)—Oniachtenip_utschurica, outcrop, uppermost beds of the Tapley IHill Formation, Depot
Creek; (e)—As for {d), showing numerous bridges beiween columns.

. {a-¢)—Longitndinal thin sections, Omachtrnia utschirica. (uy—1lnstraiing pellelal lamina-
tion and conrse intraclasts in isterspaces, S166, Depot Creek; th)—Illustrating details of pel-
fetul microstructure. §399, Depot Creek; (¢)— Tllustrating broadly band:d microstructure; (d.
e)—Tungassia etina; (d)—Longitudinal outcrop szction showing markedly divergeni branch-
ing, Balcanoona Formution, uear Mount Chambers; (e)—Ouicrop of itrregulurly tuberous
columns, Etina Formation, Bnoramz Creek.

(a} —Tungussia etina, Umberatana Group, Flinders Runges, Longitudinal cut slab showing
markedly divergent branching of columns, Wundowie Jamestone Membér, near Teatrec O.S.
S441: (b)—Longitudinal thin scction of walled columns, ‘Wuadowic Limestone Member,
near Teatree 0.8, 8446; (c)—Vertical thin s2ction of variowsly oriented columns, Balcanoona
Formation, near Mount Chambpers. Holotype S43S: (d) —Wavy, banded lamination seen in
thin section, Etina Formation. east of Blinman. $158; {e)—longitudinal thin section, Ral-
canoona Forination, mear Moiint Chambers, 5523.

(a)—Longitudinal thin section, Tungussia etina, Wundowie Limestone Member, neur Teualres
0S8, S286: (b—c)—Tungussia witkatanna, Skillogalee Dolomite, Depot Creek: (b)—TLongi-
tudinal thin section ilustrating sharp flexure in column. S169; (c)—Quicrop of bushy, diver-
gently branching clump of colmns: (d)—Cut slab, S169, illustrating murkedly divergent
branching; (e)—Thin section, holotype 8412, showing markedly divergent branching columns.
White. areas are silicified.
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